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Available online 21 April 2014AbstractIntroduction: Tabernaemontana heyneana (syn. Ervatamia heyneana), locally known as kundalam paalai in Tamil, is being used in traditional
medicine to treat microbial infections, diabetes, skin and venereal diseases, hepatotoxicity, and renotoxicity.
Aim: At present, there is no scientific documentation to prove the renoprotective effect of T. heyneana leaves, and therefore, we aimed at
investigating the same.
Methods: In this study, optimal ethanolic leaf extract in two different doses (125 mg/kg/day and 250 mg/kg/day) was administered to male
Wistar albino rats with paracetamol (750 mg/kg/day)-induced renotoxicity to investigate the renoprotective effect of the extract. Serum urea, uric
acid, creatinine, and in vivo enzymatic antioxidant status of renal tissues were evaluated. Liquid chromatography (LC) coupled with diode array
detectoremass spectrometry (MS) analysis was performed for the preparative thin layer chromatogram eluate to identify the polyphenols
responsible for the renoprotective property.
Results: Optimal ethanolic leaf extract (250 mg) has a significant effect (p < 0.001) in restoring serum urea, uric acid, and creatinine levels and a
similar significant effect (p < 0.001) was also observed in the in vivo antioxidant status. The LC coupled with diode array detectoreMS analysis
revealed that the presence of polyphenols such as quercetin, rutin, isoquercitrin, robinin, chlorogenic acid, 5-O-feruloylquinic acid, and one
novel unknown compound may be responsible for the renoprotective effect.
Conclusion: Optimal ethanolic leaf extract of T. heyneana possesses significant renoprotective effect due to the presence of polyphenols.
Copyright  2014, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Nephrotoxicity is one of the most prominent renal problems
that occur when an in vivo system is exposed to drugs or toxin-
like compounds. Several chemicals such as carbon tetrachlo-
ride, sodium oxalate, ethylene glycol, and heavy metals such* Corresponding author. Department of Biotechnology, Kumaraguru College
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2211-5587/Copyright  2014, Taiwan Society of Emergency Medicine. Publishedas lead, mercury, arsenic, fluoride, and cadmium are known to
induce renotoxicity.1 A number of potent therapeutic drugs,
including aminoglycoside antibiotics, alloxan, streptozotocin,
and chemotherapeutic agents have also been reported to
adversely affect the kidneys resulting in acute renal failure,
glomerulonephritis, chronic interstitial nephritis, and nephritic
syndrome.2 Paracetamol (N-acetyl-p-aminophenol, APAP),
also known as acetaminophen, is the most widely used anti-
pyretic and analgesic drug. Although safe at therapeutic doses,
APAP is known to cause renal insufficiency and failure in both
animals and humans at higher doses.3,4by Elsevier Taiwan LLC. All rights reserved.
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biotransformation reaction that occurs in both hepatic and
extrahepatic tissues. The primary CYP450 isozyme,
CYP2E1, present in the renal cortex and prostaglandin
endoperoxidase synthase distributed in the renal medulla
mediate the formation of a reactive electrophilic intermedi-
ate, N-acetyl-p-benzoquinone imine (NAPQI), through the
oxidation of APAP. The NAPQI is then reduced and subse-
quently excreted as an environmentally safe compound,
mercapturic acid, by reduced glutathione (GSH). Excess
APAP depletes the GSH and sulfate pool, and generates high
levels of NAPQI-based reactive intermediates, which form
covalent adducts with many renal cellular proteins. This
leads to apoptosis through the activation of caspases and
other lysosomal enzymes, and finally results in renal tissue
necrosis with severe organ dysfunction.5 Increase in serum
creatinine and urea levels, and a decrease in the glomerular
filtration rate (GFR) may also lead to acute tubular necrosis
and subsequent organ malfunction.
Research activities have been kindled throughout the world
in the exploration of several molecules that can provide
maximum protection to the kidneys as well as other organs
with very little or no side effects during their function in an
in vivo system. Ancient literature has recommended several
medicinal herbs that are traditionally used in different coun-
tries to cure or attenuate various kidney ailments. Carbohy-
drates, proteins, amino acids, glycoproteins, minerals, organic
acids, vitamins, melatonin, and many plant-based phyto-
chemicals such as quercetin, kaempferol, lupeol, rutin,
kaemferol-3-O-a-D-glucoside, quercitin-3-O-a-D-glucoside,
apigenin, luteolin tannins, campesterol, stigmasterol, b-sitos-
terol, curcumin, volatile oils, alkaloids, glycosides, carotenes,
saponins, and resins have been reported to have renoprotective
properties.1,6
Tabernaemontana heyneana Wall. (Tamil: kundalam paa-
lai; Family: Apocynaceae/Dogbane) is a small shrub that can
grow up to 2 m. It is considered a near threatened medicinal
plant, and is rich in indole alkaloids and ethnobotanically has
been known to possess antioxidant, anthelmintic, antimicro-
bial, and curative properties against nervous, hepatic and renal
disorders, skin problems, respiratory and eye ailments, ve-
nereal diseases, diabetes, chronic bronchitis, snake bite, and
cardiac ailments.7,8 Previous reports9e11 have revealed the
presence of alkaloids, sterols, triterpenoids, flavonoids, and
resins in the leaves, flowers, roots, and fruits of the plant. In
this context, our laboratory has aimed to evaluate the reno-
protective effect and identify the polyphenols present in the
leaves of T. heyneana Wall.
2. Methods2.1. Collection and identification of plant materialFresh leaves of the plant were collected from the medic-
inal garden of Kumaraguru College of Technology (Coim-
batore, Tamil Nadu, India). The species was identified and
confirmed at the Botanical Survey of India, Southern Circle,Coimbatore, Tamil Nadu, India (BSI/SC/5/23/06-07/Tech.
478). The leaves were washed under tap water to remove the
surface dirt and subjected to open air, shaded drying for a few
days.2.2. Extraction of plant materialThe dried leaves were finely powdered and the polyphenols
(flavonoid and phenolic acid contents) were extracted under
optimal conditions (85C, 2 hours of extraction duration, 85%
ethanol concentration, a material ratio of 1:05, and four times
of extraction cycle).11 The sample is termed optimal ethanolic
leaf extract and was used for further analysis. All the chem-
icals and solvents used for experimental analysis were of
analytical grade.2.3. AnimalsAll experiments were carried out with male Wistar albino
rats (PSG Institute of Medical Sciences and Research, Coim-
batore, Tamil Nadu, India) (weight: 90e120 g). The rats were
housed in stainless steel cages under a 12-hour light/12-hour
dark cycle at 25e28C for 7 days and were fed with stan-
dard pellets (Lipton India Ltd., Calcutta, India) and water ad
libitum. The animal studies were conducted in accordance
with the internationally accepted guidelines for laboratory
animal use and care (Animal house registration number: 158/
1999/CPCSEA; Ethical Committee approval dated August 7,
2008).2.4. Paracetamol-induced renotoxicityParacetamol (acetaminophen) was obtained from Glax-
oSmithKline Pharmaceuticals Limited (Mumbai, India). The
animals were divided into six groups (Groups IeVI). Group
I was control rats fed with normal diet. Group II was treated
with 750 mg/kg/day paracetamol (20% saline as vehicle)
orally using a stomach tube for 7 days to induce
renotoxicity.
The animals of the test group (Groups III and IV) were
pretreated with optimal ethanolic leaf extract of T. heyneana
Wall. (125 mg/kg/day and 250 mg/kg/day)12 in 20% saline,
once daily, followed by a single administration of 750 mg/
kg paracetamol after 1 hour for 7 days. The animals of
Group V were pretreated with 25 mg/kg/day rutin in 20%
saline (stabilized by 0.2% gum) for 7 days in succession
followed by a single administration of 750 mg/kg paracet-
amol after 1 hour. The animals in Group VI were treated
with optimal ethanolic leaf extract (250 mg/kg/day) alone
for 7 days.
Survival of animals was monitored for 24 hours. After
24 hours, that is, after the last dose of paracetamol adminis-
tration, the surviving animals were anesthetized with ketamine
(100 mg/kg, intramuscularly), and blood (3 mL) was collected
by cardiac puncture using sterile disposable syringes. The
serum was separated by centrifugation (at 1000g for 15 mi-
nutes) and used for biochemical analysis. The experimental
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histopathological studies.2.5. Histopathological examinationSamples of kidney tissues were obtained from animals after
euthanizing them at the end of the specified time. Tissue
blocks for light microscopy were fixed in 10% buffered neutral
formalin solution. All samples were embedded in paraffin, cut
into sections of 3e5-mm thickness, and stained with hema-
toxylin and eosin and observed under a microscope for his-
topathological changes.2.6. Biochemical studiesThe biochemical parameters selected for serum analysis
were urea, uric acid, and creatinine and were analyzed using
commercial kits (Span Diagnostics Ltd., Surat, Gujarat, India)
according to manufacturer’s instruction.2.7. In vivo antioxidant activityThe renal tissues were assessed for the activities of catalase
(CAT),13 superoxide dismutase (SOD),14 glutathione peroxi-
dase (GPx),15 glutathione reductase (GR),16 and glutathione-
S-transferase (GST).17 The GSH content was measured ac-
cording to the method proposed by Moron et al.18 The extent
of lipid peroxidation was measured according to a modified
assay based on the interaction between the malondialdehyde
(MDA) and thiobarbituric acid-reactive species.192.8. Partial purification of flavonoids by preparative thin
layer chromatographyThe glass plates (20 cm  20 cm) were coated with silica
gel G60 (thickness of 0.5e1.0 mm and 46 g/85 mL distilled
water) and dried at room temperature. The dried plates were
activated at 100C for 30 minutes in an oven and brought to
room temperature. Approximately 20 mL of optimal leaf
extract was serially spotted 1.5 cm above the edge of the plate.
These glass plates were developed one dimensionally in an air-
tight chromatography chamber containing about 200 mL of
mobile-phase solvent mixture, which contains ethylTable 1
Effect of optimal leaf extract and rutin on serum urea, uric acid, and creatinine in
Treatment groups U
I: Control
II: APAP induced 7
III: Optimal ethanolic leaf extract (125 mg/kg) þ APAP (pretreated) 4
IV: Optimal ethanolic leaf extract (250 mg/kg) þ APAP (pretreated) 3
V: Rutin (25 mg/kg) 3
VI: Optimal ethanolic leaf extract (250 mg/kg) 3
Values are expressed as mean  standard error of the mean; n ¼ 6 animals in eac
* APAP-induced group compared with control group (p < 0.01).
** Four different experimental groups compared with APAP-induced group (p <
APAP ¼ N-acetyl-p-aminophenol.acetateeethanolewater (5:1:5, vol/vol/vol). The developed
plates were air dried and identified under UV light at 365 nm
after the application of liquid ammonia.20 In this protocol, the
predicted strong spots were carefully marked, scrapped, and
collected separately along with the silica gel and eluted with
distilled water by mild centrifugation.2.9. Fourier transform infrared spectroscopy analysisThe preparative thin layer chromatogram (PTLC) leaf el-
uates were mixed with 200 mg KBr [Fourier transform
infrared (FT-IR) spectroscopy grade] and pressed into a pellet.
The sample pellet was placed in the sample holder and FT-IR
spectra were recorded in the 4000e450 cm1 range by FT-IR
analysis (PerkinElmer FT-IR spectrometer, USA).212.10. Liquid chromatography coupled with diode array
detectoremass spectrometry (ESIþ) analysisThe liquid chromatography (LC) electrospray mass spec-
trometry (MS) experiment was performed on Finnigan LCQ
Advantage MAX ion trap mass spectrometer (Thermo Fisher
Scientific, USA) having a Finnigan surveyor high-
performance liquid chromatography (HPLC) system con-
nected to it. The column was ODS-2 (internal diameter
250 mm  4.6 mm; 5 mm; Waters). The Mobile Phase A was
made up of acetonitrile, whereas B was made of 0.1% formic
acid (pH 4.0, adjusted with ammonium hydroxide) aqueous
solution. The gradient elution was performed at 0.5 mL/
minute with an initial condition of 12% of Mobile Phase A
and 88% of Mobile Phase B for 10 minutes. The Mobile
Phase A was increased to 25% at 60 minutes and linearly
increased to 60% at 80 minutes and then increased to 100%
at 85 minutes.22 The eluates were monitored by a photodiode
array detector (multiwavelength PAD) at 260 nm. Approxi-
mately 20 mL of the PTLC leaf eluates (Samples 1e3) were
introduced into the electrospray ionization (ESI) source
through the Finnigan surveyor autosampler. The mass spectra
were scanned in the 150e750 The range and the maximum
ion injection time was set at 200 ns. Ion spray voltage was set
at 5.3 kV and capillary voltage at 34 V. The MS scan ran for
60 minutes and data reductions were performed by Xcalibur
1.4 SRI.rats with APAP-induced renotoxicity.
rea (mg/dL) Uric acid (mg/dL) Creatinine (mg/dL)
30.4  1.002 3.91  0.18 0.92  0.05
2.22  6.81* 6.81  0.37* 1.9  0.08*
1.65  2.54** 5.27  0.4** 0.96  0.09**
1.97  4.94** 4.1  0.18** 0.86  0.07**
3.78  3.93** 4.81  0.44** 0.87  0.07**
3.25  3.37** 3.7  0.22** 0.77  0.06**
h group.
0.001).
Table 2
Effect of optimal leaf extract and rutin on enzymatic antioxidants (SOD, GPx, GR, GST, and CAT) in rats with APAP-induced renotoxicity.
Treatment groups Enzymatic antioxidants (mean  standard error of the mean), n ¼ 6
SOD (U/mg) GPx (U/mg) GR (U/mg) GST (U/mg) CAT (U/mg)
I: Control 0.89  0.009 19.1  0.68 12.6  0.33 0.36  0.012 18.9  0.12
II: APAP induced 0.38  0.014* 10.2  0.61* 6.8  0.18* 0.17  0.007* 9.11  0.1*
III: Optimal ethanolic leaf extract (125 mg/kg) þ APAP (pretreated) 0.62  0.012** 15.1  0.85** 9.5  0.28** 0.33  0.011** 15.7  0.21**
IV: Optimal ethanolic leaf extract (250 mg/kg) þ APAP (pretreated) 0.81  0.007** 19.4  1.2** 13.7  0.37** 0.38  0.011** 18.2  1.2**
V: Rutin (25 mg/kg) 0.86  0.013** 17.3  1.02** 11.5  0.2** 0.36  0.016** 17  0.07**
VI: Optimal ethanolic leaf extract (250 mg/kg) 0.78  0.018** 19.5  0.99** 11.6  0.28** 0.31  0.008** 17.2  0.29**
* APAP-induced group compared with the control group (p < 0.01).
** Four different experimental groups compared with the APAP-induced group (p < 0.001).
APAP ¼ N-acetyl-p-aminophenol; CAT ¼ catalase; GPx ¼ glutathione peroxidase; GR ¼ glutathione reductase; GST ¼ glutathione-S-transferase;
SOD ¼ superoxide dismutase.
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separate experiments (triplicates). The results were expressed
as mean  standard error of the mean. The significance level
was expressed using one-way analysis of variance followed by
the Turkey test for post hoc comparisons. All the analysis was
carried out using GraphPad Prism 6 software (trial version).
3. Results3.1. Effect of optimal ethanolic leaf extract and rutin on
serum urea, uric acid, and creatinine in rats with APAP-
induced renotoxicitySerum urea, uric acid, and creatinine levels were signifi-
cantly increased (p < 0.01) in the APAP-treated groups
compared with the control group, indicating severe renotox-
icity. Treatment with the optimal ethanolic leaf extract showed
a significant (p < 0.001) decrease in concentrations of the
aforementioned variables compared with the APAP-treated
groups (Table 1).Fig. 1. (A) Effect of EETH-L on in vivo lipid peroxidation compared against APAP-
experimental groups. Values are mean  standard error of the mean. APAP ¼
naemontana heyneana; MDA ¼ malondialdehyde.3.2. Effect of optimal ethanolic leaf extract and rutin on
enzymatic antioxidants (SOD, GPx, GR, GST, and CAT)
in rats with APAP-induced renotoxicityThe effect of optimal ethanolic leaf extract on SOD, GPx,
GR, GST, and CAT in APAP-intoxicated rats on kidney
damage has been detailed in Table 2. There was a significant
(p < 0.01) decrease in the SOD, GPx, GR, GST, and CAT
activities of the APAP-induced renotoxicity groups as
compared with the control group. By contrast, a significant
increase (p < 0.001) was observed in the enzymatic antioxi-
dant activities on administration of optimal ethanolic leaf
extract (125 mg/kg and 250 mg/kg) in the experimental
models after inducing renotoxicity with APAP, which proves
the remarkable renoprotective property of the extract.3.3. In vivo lipid peroxidation and GSH content in renal
tissues of rats with APAP-induced renotoxicityThe MDA content in the kidney homogenate was increased
in the APAP-intoxicated groups (337.01  3.67 nmol/g tissue)
compared with the control group (188.99  2.65 nmol/ginduced nephrotoxicity with control rats; (B) APAP-induced models with other
N-acetyl-p-aminophenol; EETH ¼ optimal ethanolic leaf extract of Taber-
Fig. 2. (A) Effect of EETH-L on reduced glutathione content compared with control and APAP-induced renotoxicity groups; (B) APAP-induced nephrotoxicity
against other experimental groups. Values are mean  standard error of the mean. APAP ¼ N-acetyl-p-aminophenol; EETH ¼ optimal ethanolic leaf extract of
Tabernaemontana heyneana.
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nolic leaf extract (125 mg/kg and 250 mg/kg) groups was
found to be 200.31  4.37 nmol/g tissue and
190.34  2.49 nmol/g tissue (p < 0.001), respectively, con-
firming its significant lipid peroxide inhibition property
compared with the APAP-induced renotoxicity groups
(Fig. 1B). The effect of rutin (25 mg/kg) on MDA levels in rats
with APAP-induced renotoxicity was found to be
186.66  1.92 nmol/g tissue, which is almost equal to that ofFig. 3. Nephroprotective effect of EETH-L against APAP-induced acute nephrotoxi
(A) Control, normal section of renal tissues; (B) APAP treated (750 mg/kg), cloud
(125 mg/kg) þ APAP, moderate necrosis of proximal convoluted tubules; (D) op
convoluted tubules; (E) rutin treated; (F) optimal ethanolic leaf extract (250 mg/k
acetyl-p-aminophenol; EETH ¼ optimal ethanolic leaf extract of Tabernaemontanthe groups administered with optimal ethanolic leaf extract
(250 mg/kg), thereby proving its potent renoprotective
property.
Similarly, the GSH level in the control group
(1.0  0.06 mg/g tissue) was measured to be higher than that
in the APAP-induced renotoxicity groups (0.45  0.05 mg/g
tissue; p < 0.01; Fig. 2A). The GSH level in groups that
received 125 mg/kg and 250 mg/kg optimal ethanolic leaf
extract (0.88  0.1 mg/g tissue and 1.03  0.08 mg/g tissue;city in rats. Kidney sections were stained with hematoxylin and eosin (100).
y swelling of proximal convoluted tubules; (C) optimal ethanolic leaf extract
timal ethanolic leaf extract (250 mg/kg) þ APAP, mild swelling of proximal
g), normal section of renal tissues with no pathological changes. APAP ¼ N-
a heyneana.
Fig. 4. Partial purification of flavonoids from the optimal leaf extract by preparative thin layer chromatogram and visualized under (A) far ultraviolet light and (B)
visible light.
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as compared with the APAP-induced renotoxicity groups
(Fig. 2B). Rutin almost completely restored the GSH level in
the APAP-induced renotoxicity groups to the normal level
(0.99  0.09 mg/g tissue).3.4. Histopathological examination of renal tissuesHistological pattern of normal renal tissues showing normal
tubular brush borders and intact glomeruli and Bowman’s
capsule (Fig. 3A) confirmed the biochemical results. Severe
tubular necrosis and degeneration have been observed in the
renal tissues (Fig. 3B) due to APAP intoxication. The rats
treated with 125 mg/kg optimal ethanolic leaf extract revealed
a tubular pattern with moderate necrosis and degranulation
(Fig. 3C), whereas rats treated with 250 mg/kg optimal etha-
nolic leaf extract showed a mild degree of swelling, cellular
desquamation, and necrosis. Rats treated with optimal etha-
nolic leaf extract manifested a better recovery of the renal
tissues when compared with the APAP-induced renotoxicity
groups (Fig. 3D). Similarly, the rats treated with rutin standard
(Fig. 3E) and optimal ethanolic leaf extract alone were
confirmed to have mild tubular degeneration and epithelial
vacuolization of renal tissues (Fig. 3F).3.5. Partial purification of flavonoids by PTLC and FT-
IR analysisAbout two strong and one medium spots that were tenta-
tively predicted as rutin, quercetin, and phenolic acid-related
compounds were partially purified from the optimal etha-
nolic leaf extract using PTLC (Fig. 4). The FT-IR spectrum ofPTLC eluates indicated the presence of various functional
groups that are interpreted in Table 3.3.6. LC coupled with diode array detectoreMS (ESIþ)
analysisThe results of LCe diode array detectoreMS (ESIþ)
analysis of PTLC eluates revealed about 12 different com-
pounds, including prominent flavonoids such as quercetin,
rutin, isoquercitrin, quercetin-3-O-glucoronide, robinin, 1,3-
di-O-caffeonylquinic acid, quercetin-3-O-glucosyl-xyloside,
sinapic acid hexoside, chlorogenic acid, 5-O-feruloylquinic
acid, and one novel new compound (Figs. 5 and 6). The
investigated results are depicted in Table 4.
4. Discussion
Paracetamol (acetaminophen, APAP) is considered to be a
safe analgesic and antipyretic drug. When taken in overdoses
it leads to hepatotoxicity and renotoxicity in both humans and
experimental animals. In acute overdose or when the
maximum daily dose exceeds over a prolonged period, the
normal conjugative metabolic pathway becomes saturated and
APAP is oxidatively metabolized by the mixed function oxi-
dase P450 system to a toxic metabolite NAPQI in the liver.
NAPQI has an extremely short half-life and is rapidly conju-
gated with glutathione, a sulfhydryl donor, and exhausted
cellular GSH contents. The APAP-mediated renotoxicity can
lead to renal tubular cell injury, which is evidenced by phos-
phaturia and low-molecular-weight proteinuria, and may
progress to acute renal failure even in the absence of liver
injury, and can be fatal in humans.23 Acetaminophen
Table 3
FT-IR absorption bands in the spectra of PTLC leaf eluates.
Sample No. Absorption frequency/
wave number (cm1)
Tentative functional group
PTLC leaf eluate 1
1. 3400 OH stretching (alcohols/phenols at high concentration) or primary amines (NeH bond)
2. 2141 ReN]C]S or ReNeC (isocyanides) or terminal alkynes (C^C)
3. 1654 Conjugated dienes or associated amides (possibility of CeC bond) or carbonyl group
(presence of flavone skeleton)
4. 1106 Secondary alcohols (possibility of CeO bond) or esters or CeOeC/CeOH vibrations
5. 715 Aromatic monosubstituted benzene (CeH bond) or glycosylated pattern
PTLC leaf eluate 2
6. 3408 OH stretching (alcohols/phenols at high concentration) or primary amines (NeH bond)
7. 2142 ReN]C]S or ReNeC (isocyanides) or terminal alkynes (C^C)
8. 1645 acyclic CeC (monosubstituted alkenes) or carbonyl groups
9. 1113 Secondary alcohols (possibility of CeO bond) or esters or CeOeC/CeOH vibrations
10. 746 Aromatic monosubstituted benzene (CeH bond) or O-disubstituted
benzene or glycosylated pattern
PTLC leaf eluate 3
11. 3400 OH stretching (alcohols/phenols at high concentration) or primary amines (NeH bond)
12. 2138 ReN]C]S or ReNeC (isocyanides) or terminal alkynes (C^C)
13. 1646 Acyclic CeC (monosubstituted alkenes) or carbonyl groups
14. 1115 Secondary alcohols (possibility of CeO bond) or esters or CeOeC/CeOH vibrations
15. 743 Aromatic monosubstituted benzene (CeH bond) or O-disubstituted
benzene or glycosylated pattern
FT-IR ¼ Fourier transform infrared spectroscopy; PTLC ¼ preparative thin layer chromatogram.
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glutathione status, creatinine clearance, increased lipid per-
oxidation products, and decreased GFR.
The kidneys excrete blood urea nitrogen found in the liver
proteins, which are derived from diet or tissue source, and
creatinine derived from endogenous tissue source through
creatine breakdown. In renal disease, the serum urea accu-
mulates because the rate of urea production exceeds the rate of
clearance. Even though elevations of urea and creatinine levels
in the serum are taken as the index of renotoxicity, more often,
serum urea concentration is considered as a reliable renal
function predictor than serum creatinine.24 According to a
report by Uma et al,25 the levels of urea, uric acid, and
creatinine were significantly increased in mercuric chloride-
induced renotoxic rats; the elevated levels were restored to
normal status on oral administration of ethanolic extract of
Tabernaemontana coronaria (400 mg/kg), proving its appre-
ciable renoprotective property. In the present investigation,Fig. 5. Full scan electrospray ionization/mass spectrometry spectra of parent ion of irats with APAP-induced renotoxicity showed a considerable
(p < 0.01) increase in the serum urea, uric acid, and creatinine
levels compared with the control group and the subsequent
oral administration of optimal ethanolic extract (250 mg/kg)
significantly (p < 0.001) decreased the urea, uric acid, and
creatinine levels to normal status, which proved the potency of
renal cell regeneration capacity of T. heyneana leaves. Simi-
larly, an in vivo investigation conducted by Poornima et al26 on
the acute and subacute toxicities upon administering multiple
doses of ethanolic extract of T. coronaria has revealed that the
levels of urea, uric acid, and creatinine were not altered
compared with the control animals, proving the safe nature of
the plant and the present study was well corroborated and
confirmed with the aforementioned result.
In this investigation, administration of renotoxic dose
(750 mg/kg) of APAP has altered the oxidative status of the
renal tissues, leading to oxidative stress through the production
of reactive oxygen species and reactive nitrogen species,soquercitrin at m/z of 460 and fragment ions at m/z of 308 (quercetin) and 279.
Fig. 6. Full scan electrospray ionization/mass spectrometry spectra of parent ion of 1,3-di-O-caffeoylquinic acid (1,3-diCQA) at m/z of 515 and fragment ions at m/
z of 347 (caffeic acid dimer) and 191 (quinic acid).
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Previous studies have also demonstrated that oxidative stress is
a major mechanism in the development of APAP-induced
renotoxicity.24,27 Previous research documentation revealed
that GSH is the main water-soluble cellular nonenzymatic
antioxidant that serves as the first line of defense in combating
free radicals and plays a critical role in detoxification by
reducing hydrogen peroxide and lipid hydroperoxides directly
to H2O with the formation of oxidized glutathione. In this
study, pretreatment of rats with optimal ethanolic leaf extract
(250 mg/kg) has clearly demonstrated its renoprotective effect
(p < 0.001) compared with the acute APAP-intoxicated rats
(750 mg/kg). This effect was due to the restoration of GSH
level in the renal tissues, which has been markedly decreased
to about 2.29-fold in APAP-intoxicated rats. Likewise, earlier
studies have clearly demonstrated that acute APAP overdose
increases the lipid peroxidation and suppresses the antioxidant
defense mechanisms in renal tissues.28 In the present context,
a similar observation has been noticed with a drastic increase
(about 1.79-fold) in the lipid peroxidation activity in acute
APAP-intoxicated rats compared with the control group, and
the condition was reverted to normal status in the optimal
ethanolic extract pretreated rats, which revealed the significant
renoprotective effect (p < 0.001) of the leaves. The results
were also well correlated and supported by the control and
rutin-treated rats, again suggesting the strong renoprotective
effect of the plant species.
Mammalian cells contain endogenous antioxidant enzymes
such as SOD, GPx, GR, GST, and CAT to detoxify the free
radicals by converting them back to more stable molecules
within the cell, to be used or disposed accordingly. The levels of
these enzymes are tightly controlled within the cells to ensure
the maintenance of the body’s redox balance. The results of the
current investigation presented in Table 2 have clearly indicated
a significant increase (p< 0.001) in the activities of SOD, GPx,
GR, GST, and CAT in the optimal ethanolic pretreated rats,
confirming the renoprotective effect of the leaves. The potent
restoration of the activities of the aforementioned enzymescompared with the acute APAP-intoxicated rats (significantly
decreased, p < 0.01) was probably because of the presence of
the polyphenols such as rutin, quercetin, robinin, 5-O-fer-
uloylquinic acid, chlorogenic acid, and quercetin 3-glucoside in
the leaves of T. heyneana. The renoprotective effect of various
polyphenols may be due to their active involvement in the
regulation of both Phase II enzyme-mediated biotransformation
activities and maintenance of endogenous nonenzymatic anti-
oxidant pool. The efficacy of the modulatory effects on the
promoter of different antioxidant genes may vary according to
the diversified polyphenolic structures, and has been proved in
monkey, rat, mouse, and in human GSTand g-glutamylcysteine
synthetase (GCS) genes.29,30 Compounds such as quercetin,
rutin, kaempferol, luteolin, ethyl ferulate, epicatechin, epi-
catechin gallate, and epigallocatechin gallate were known to
induce the transcriptional activation of Phase II enzymatic
antioxidant genes such as SOD, GPx, GR, GST, g-GCS,
epoxide hydrolase, and other superfamilies by regulating the
pathways through activation of antioxidant response elements
(AREs)/electrophile response elements (EpREs).31 Normally,
the Kelch-like erythroid cell-derived protein with CNC ho-
mology (ECH)-associated protein1 (Keap-1) that binds to actin
is used to sequester Nrf2 protein, which acts as transcription
factor involved in the transcription of antioxidant genes, and the
aforementioned polyphenols are known to disassociate this
heterodimer complex (Keap-1eNrf2) by interacting with the
sulfhydryl groups of Keap-1. The formed Nrf2 is phosphory-
lated by mitogen-activated protein kinase cascade enzymes and
translocated into the nucleus to transactivate the ARE/EpRE-
containing promoter genes, and the process is thought to be
governed by polyphenols.32 Previous studies on mercuric
chloride-treated rats with the administration of ethanolic extract
of T. coronaria at different dose levels (200 mg/kg and 400 mg/
kg)25 have revealed a significant renoprotective property, which
well agreed with the results of this study. This has again sub-
stantiated the existence of potent in vivo enzymatic and
nonenzymatic antioxidant system in T. heyneana leaves that
may prevent the renotoxic effects caused by APAP.
Table 4
Retention times (Rt), molecular ions ([M þ H])þ, fragment ions, and relative abundance (%) of PTLC leaf eluates (flavonols, flavonoid glycosides, and phenolic
acids and derivatives scanned at 260 nm).
Sample no. Retention time
(Rt, min)
MS
m/z
(M þ H)þ
m/z Fragment
ions
Identified
molecular
weight
Identified compound Relative
abundance (%)
PTLC leaf eluate 1
1. 2.66 479 299 479 Quercetin uronic acid
(quercetin-3-O-glucouronide)
95
2. 3.06 260 173 260 Pinocembrin 98
3. 4.45 460 308/279 460 Quercetin 3-glucoside
(isoquercitrin)/quercetin 3-galactoside
100
PTLC leaf eluate 2
4. 2.67 709 d 709 Unknown 98
5. 2.90 515 347/191 515 1,3-di-O-caffeoylquinic acid 100
6. 2.90 516 303 516 Quercetin 3-O-glucosyl-xyloside 38
7. 3.90 383 d 383 Sinapic acid hexoside (hydroxy
cinnamic acid sugar derivative)
100
8. 6.67 369 194 369 5-O-feruloylquinic acid 100
PTLC leaf eluate 3
9. 2.76 358 163 358 Chlorogenic acid 100
10. 2.76 741 d 741 Kaempferol-3-O-robinoside-7-O-rhamnoside/
robinin
45
11. 2.88 615 462/418/303 615 Rutin 20
12. 3.05 303 d 303 Quercetin 40
MS ¼ mass spectrometry; PTLC ¼ preparative thin layer chromatogram.
65T. Sathishkumar, R. Baskar / Journal of Acute Medicine 4 (2014) 57e67Similarly, in the current investigation, the histopathological
examination of APAP-intoxicated renal tissues of rats obtained
by killing the animals after 24 hours revealed the presence of
cloudy swelling of proximal convoluted tubules, severe ne-
crosis, and degeneration in the tubular epithelium. These al-
terations suggest a cellular degeneration, and acute tubular
necrosis was the most relevant histopathological change. A
mild swelling/moderate necrosis (Fig. 3C and D) of proximal
convoluted tubules observed in the pretreated optimal etha-
nolic rats (250 mg/kg) proved the satisfactory regeneration of
renal tissues and the results agreed well with the control and
pretreated rutin rats.
Several analytical techniques such as HPLC with UVeVis
photodiode array detection (PAD), gaseLC with flame ioni-
zation, gaseLC coupled with MS, capillary electrophoresis
(CE) with electrochemical detection, and CE coupled to ESI
time of flight MS have been used to detect, characterize, and
quantify phenolic compounds present in different food and
medicinal plants. It can be concluded from Table 4 that most
of the compounds are flavonoids, which occur as aglycones or/
and their glucoside (Glu), glucuronide (GluA), rutinoside
(Rut) and few are phenolic acids and their derivatives. In
general, the flavonoid glucosides were protonated under acidic
conditions and easily lose their glycan, giving rise to the
corresponding protonated aglycones even without any colli-
sion energy. This result (i.e., parent ion m/z ¼ 358) is also
comparable with that of Lai et al,22 who reported that the
chlorogenic acid possess parent ion m/z of 354.9 and fragment
ion m/z of 193.1. In an initial research work by Sakushima
et al,33 positive and negative ion mass spectra of flavonoid
glycosides by fast atom bombardment were revealed. From
their studies it was found that for both isoquercitrin and
quercetin-3-O-galactoside, the parent ion m/z is 465 and thefragment ion m/z is 303. Similarly, for robinin, the observed
parent ion m/z is 741 and the fragment ion m/z is 433/287.
Nuengchamnong et al34 have also recorded a related result for
quercetin-3-O-galactoside (parent ion m/z ¼ 463.3). A similar
correlated result in the present investigation was documented
for all the compounds distributed in the leaves, including
isoquercitrin/quercetin-3-O-galactoside (parent ion m/z ¼ 460
and fragment ion m/z ¼ 308) and robinin (parent ion m/
z ¼ 741 and fragment ion m/z ¼ 432/290). All these fragment
ions indicate the formation of aglycone and sugar moieties
from the cleavage of parent molecules. Studies regarding the
quercetin diglucuronides (m/z ¼ 653) have revealed that the
use of different collision energies may be efficient in yielding
common fragments at m/z of 477 [M-176]e and 301 [M-352]e
corresponding to losses of the two glucuronide units. There
were differences in the relative abundance among the distri-
bution of the fragment ions at m/z of 477 and 301. Here,
another striking feature is that the abundance of ion at m/z of
477 was 100%, and the fragment ion at m/z of 301 presented
decreased relative abundances with higher collision energies.
This analysis revealed that glucuronide moieties were located
on ring A of quercetin on position 5 or 7; however, the precise
location could not be identified. A similar fragmentation mode
was observed in the present investigation for quercetin mon-
oglucuronide at the parent ion m/z of 479 (RA 100%) and
fragment ion m/z of 299 (40%), proving that the glucuronide
moiety was present in ring A. In addition, the investigated
results regarding 5-O-ferulylquinic acid (parent ion m/z ¼ 369
and fragment ion m/z ¼ 194) mostly correlated with the re-
sults suggested by Termentzi et al.35 The present study
regarding the retention time for compounds such as rutin,
quercetin, robinin, and sinapic acid hexoside agreed well with
the previously documented results.36,37
66 T. Sathishkumar, R. Baskar / Journal of Acute Medicine 4 (2014) 57e67In conclusion, T. heyneana leaves possess significant in vivo
antioxidant and renoprotective activities. It can be explained
that the presence of polyphenols in the optimal ethanolic leaf
extract such as rutin, quercetin, robinin, chlorogenic acid,
quercetin glucuronide, glucoside, pentoside, and phenolic acid
derivatives are the renoprotectants responsible for potent
regeneration of renal tubules. Thus, this study justified the
folklore use of T. heyneana leaves in the renoprotection.
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